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Abstract 

Landsat ETM+ satellite data was used to map the relationship between land cover types and 

surface temperature for New Haven, Connecticut.  Unsupervised and supervised classifications 

were performed on a Landsat image to extract land cover types.  Surface temperature for the 

image was calculated from ETM+ band 6.  These two datasets were merged to make a map 

showing the location of heat islands and corresponding land cover.   

 

Introduction: Cities hold in heat 

Rural areas emit infrared radiation more easily than urban locations.  Large portions of daytime 

solar energy are used to evaporate water from vegetation and soil in more natural areas.  The 

latent heat of vaporization is used to change water to vapor.  Air temperature is not increased 

during this process.  Urban areas tend to have less vegetation and soil; this allows more solar 

energy to be absorbed by roads and rooftops.  And subsequently, air temperature is raised.  Heat 

is slowly released at night slowing the cooling process.  Tall buildings also slow the cooling 

process by blocking the escape of heat from the cityi.   

Urban heat island, as described above, is the effect that urban development and 

anthropogenic activities have on air-surface temperatures.  The largest anthropogenic heating 

values for urban areas are found in cold climates in winter because the intense heating loadii.  

The urban heat island represents the higher temperatures associated with urban spaces as 

compared with rural areas.  A specific measure of this effect is the intensity of the difference 

between the maximum urban temperature and the minimum rural temperatureiii.  

Some specific causes of urban heat island include man-modified landscape (example: 

density of vegetation as one moves between rural and urban spaces), anthropogenic heating, and 
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the use of man-made materials.  These materials have different reflectivity (albedo) and 

conductivity than natural materials.  A high albedo material reduces the amount of solar radiation 

absorbed by buildings and reduces surface temperaturesiv.  See Figure 1 for various urban 

environment albedos.   

 

Fig. 1.  Various Urban Environment Albedos.  From 
http://www.ghcc.msfc.nasa.gov/urban/urban_heat_island.html
. 

  

To alter and alleviate this phenomenon, it is important to understand its spatial and 

temporal variations.  This project sought to identify an urban heat island in New Haven, 

Connecticut by examining spatial features of the effect.  These features are (1) cold urban 

versus hot urban, (2) the urban-rural continuum, and (3) the urban versus rural space.    

http://www.ghcc.msfc.nasa.gov/urban/urban_heat_island.html


  
Silvera, 3                                                                                

Urban Heat Island: How hot is New Haven s land cover?    

Methodology  

Image Processing and Classificationv 

Landsat ETM+ has 8 bands: three visible bands (1,2,3), three reflective infrared bands (4,5,7), a 

thermal band (6), and a panchromatic band.  The visible and infrared bands have a spatial 

resolution of 30m.  The infrared band has a spatial resolution of 60m, down from 120m available 

with Landsat TM5.  Data was acquired on 3 November 1999 for Connecticut (row 31 and path 

13).   

The southern New England image was spatially subsetted twice.  The first cut of the 

raster data extracted the town of New Haven.  The final image that is presented in this paper is a 

subscene of this first extraction.  The classification regimes and the temperature calculations 

were performed on the first extractionvi.  An unsupervised classification was used to initially 

produce a thematic map that identified different pixel clusters.  These were then grouped into 

cover types using a maximum likelihood supervised classification to obtain a final cover map 

showing bright urban, urban, peri-urban, high NDVI, vegetation, wetland, and water.    

This thematic map was qualitatively evaluated to ensure accuracy by comparing it to the 

University of Connecticut s MAGIC Library Land Use/Land Cover classification mapvii and a 

thematic map owned by the Yale University Center for Earth Observationviii.  

Bright urban refers to the very reflective man-made surfaces in New Haven like white-

colored roofs or metallic roofs.  These features show up as bright white in the RGB transform of 

the satellite image.  The urban land cover type accounts for densely built areas.  Peri-urban refers 

to the areas on the periphery of the urban cover type (suburban and rural residential).  High 

NDVIix are areas of high greenness, in this image, farmland in the upper west and east portions 



  
Silvera, 4                                                                                

Urban Heat Island: How hot is New Haven s land cover?    

of the image, as well as parks and golf courses in and around the urban area.  Intermediate and 

low-level measures of NDVI were grouped into the vegetation cover type.  This category 

includes deciduous and coniferous cover.  Lake Salstonstall and the New Haven Harbor are the 

major water bodies in the image.  There is a large wetland in the center of the image and a series 

of smaller ones scattered throughout the image.         

Surface Temperature Calculation

 

Landsat ETM+ band 6 is produced by a 60 m resolution thermal detector.  Two equations were 

used to determine the range of temperatures within the subscene.  

Equation 1: Band 6 Conversion to Temperaturex 

T (in degrees Celsiusxi) = [ K2 / ln (( K1 / L ) +1 )]  273.15 

Where: 

T = effective at-satellite temperature in Kelvin   

K2 = calibration constant (1282.71 K) 

K1 = calibration constant (666.09 watts/meter squared * steradian * micrometers)   

L = spectral radiance in watts/meter squared * steradian * micrometers)  

Equation 2: Conversion to Radiancexii 

Radiance = gain * DN + offset or

 

Radiance = [( LMAX  LMIN ) / ( QCALMAX  QCALMIN )] * ( QCAL  QCALMIN ) + LMIN  

Where:   

QCALMIN = 1   

QCALMAX = 255 
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QCAL = digital number   

LMIN (for low gain prior to 1 July 2000) = 0.0   

LMAX (for low gain prior to 1 July 2000) = 17.04  

Satellite-derived surface temperatures may contain errorsxiii but this project is only interested in 

calculating relative temperatures within New Haven s urban landscape.  Surface temperatures 

were calibrated at every pixel location.    

Merging Land Cover and Temperature Data

 

An additional pre-processing of the data included resampling the 60m-pixel thermal data to 

match the 30m-pixel visible and infrared data.  Temperature ranges (mean, minimum, and 

maximum) were calculated for each land cover type and color-coded to generate a thermal 

pattern distribution map for each cover type and for a portion of the town of New Haven.  The 

methodology for this is as follows: 

1. To create a land cover type map for each class, use the following formula in the 

formula editor: if INPUT1=class number then INPUT1 else 0 .  Save this file as a 

dataset without any transforms. 

2. To merge the temperature and cover information, create a dataset with two raster 

layers, INPUT1 is the cover type and INPUT2 is the temperature file, within the 

algorithm window.  Within the formula editor write, if INPUT1=class number then 

INPUT2 else null .  Save the output as a dataset without any transforms. 

3. To calculate temperature statistics for a cover type, copy the header file of the above 

dataset.  Remove all the header information from one of the copies, except the region 

data for the ALL class.  Calculate statistics on this file. 
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Three Selected Sites

 
Three small study sites were extracted from the study scene for more detailed study.  These study 

sites represent the following spatial features: (1) cold urban versus hot urban, (2) the urban-

rural continuum, and (3) the urban versus rural space (see Appendix A for location of the sites).   

   

Results & Discussion 

General

 

The scene was viewed as a 432-RGB before being classified (see Figure 2).  The supervised 

classification produced seven land-cover types (See Figure 3).  There are misclassified pixels 

within many of the cover types.  Water and wetland pixels were confused.  Some vegetation 

pixels were classified as peri-urban.  The three urban classes (bright urban, urban, and peri-

urban) were confused amongst each other.  Overall, the classification was satisfactory and 

provided an adequate base for describing New Haven s heat island.  
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Fig. 2.  New Haven subscene in 432-RGB. 
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Fig. 3.  Supervised Classification for New Haven subscene.  Dark blue = water; light blue = peri-
urban; orange = urban; yellow = bright urban; pink = wetland; light green = high NDVI; and 
dark green = vegetation (intermediate and low NDVI). 
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Thermal signatures of the seven land cover types in the city of New Haven represent the 

contribution of each cover type to the urban heat island effect (see Figures 4 and 5).  More 

specifically, the highest temperaturesxiv are found within the three urban classes: bright urban 

(15.306C), urban (15.877C), and peri-urban (15.507C) and the high NDVI class (15.319C).  By 

contrast, the lowest temperatures are found within the vegetation class (14.509C) and the two 

water classes: wetland (14.945C) and water (14.484C).  It is important to note that the Landsat 

image is taken at 10:00 a.m. and the scene is a winter scene.  At night, urban cover types cool 

down so this might explain the similarity of temperature values among the cover types.   

Furthermore, the variation (standard deviation) of the thermal data highlights the 

heterogeneity of the cover types (see Table 1).  The most homogeneous cover types are 

expectedly water, wetland, and vegetation.  The high NDVI class also has a low variation value 

(0.868).  The urban cover types have the highest variation values highlighting the mosaic of sub 

land cover types within such broad categories as residential, suburban, commercial, etc.  With 

greater resolution, it would be possible to effectively categorize the land cover within New 

Haven and see the differences in temperature values in terms of apartments versus houses, 

pasture versus crops, light industry versus heavy industry, etc.   

The two broad categories of vegetation do show interesting differences in their 

temperature values.  The high NDVI class, which presumably contains many acres of grass, has a 

high temperature value (15.319C) as compared to vegetation, which has a value of 14.509C.  

Also, the minimum values for these two cover types are striking: high NDVI has a minimum 

temperature value of 11.594C while vegetation has a minimum value equal to 3C.  I have 

categorized wetland as a water class but when compared with the afore-mentioned vegetation 

classes, it has an intermediate mean value of 14.945C and a minimum temperature of 7.578C. 
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Fig. 4.  Thermal Map.  Blues represent a range from 2.879C to 14C.  Yellows and oranges 
represent a range from 15C to 18C.  And reds represent a range from 18C to 23.859C. 
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Fig. 5.  Temperature Values by Land Cover Type. 

Temperature Values by Land Cover Type
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Land Cover Type Min Temp. (C)

 
Max Temp. (C)

 
Mean Temp. (C) Extent (Acres in Subscene) Total Extent (Acres in Scene)

 
Std. Dev. 

Bright urban -2.879

 
21.816

 
15.306

 
895.139

 
906.037

 
2.379

 
Urban -2.879

 
23.859

 
15.877

 
10820.4

 
10943.606

 
1.733

 
Peri-urban 6

 
22

 
15.507

 
13158.659

 
13637.698

 
1.217

 
High NDVI 11.594

 
19.213

 
15.319

 

1086.621

 
1105.525

 
0.868

 

Vegetation 3

 

21

 

14.509

 

4946.062

 

5053.478

 

1.039

 

Water 10.462

 

17.622

 

14.484

 

1363.28

 

1384.63

 

0.703

 

Wetland 7.578

 

21.816

 

14.945

 

3058.152

 

3087.953

 

1.122

 

All classes -2.879

 

23.879

 

15.422

 

35583.178

 

36118.927

 

n/a

 

Table 1.  Variations/Standard Deviations and other Temperature Values.     
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The Spatial Nature of Temperature by Land Cover Type

 

a.  Bright Urban Class.  Very 
variable class with an overall 
high mean temperature value. 

b.  Urban Class.  The red 
pixels represent the warmest 
values and the centers of heat 
islands.  The center of 
downtown serves as the core 
of the heat and extends out 
into the landscape (similar to 
the body of an octopus).  Note 
that temperature values 
decrease as one moves away 
from the center. 

c.  Peri-Urban Class.  
Represents the largest portion 
of in acres of the scene with a 
mean temperature value of 
15.507C. 

d.  High NDVI Class.  Highest 
temperature values of all 
vegetation classes. 

e.  Vegetation Class.  
Temperature values seem to 
correspond to proximity to an 
urban class. 
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f.  Water Class.  Mostly cool 
temperatures for this class.  
The Harbour (in close 
proximity to New Haven s 
urban center) is significantly 
warmer than Lake Saltonstall 
(which is surrounded by 
greater levels of vegetation) 
and the Connecticut River 
(which is associated with a 
large wetland area).   

g.  Wetland Class.  Highest 
variation of the vegetation 
classes with an intermediate 
mean temperature of 14.945C. 

 

Fig. 6: a-g.  Spatial Nature of Temperature. 

 

Detailed

 

To alter and alleviate this phenomenon, it is important to understand its spatial and temporal 

variations.  Three small study sites were extracted from the study scene for more detailed study.  

These study sites represent the following spatial features: (1) cold urban versus hot urban, 

(2) the urban-rural continuum (the transect), and (3) the urban versus rural space.    
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1.  Cold versus hot Urban (see Figure 7) 

 
Cold versus hot urban.  The yellow pixels in the right image are the bright urban class.  

They correspond to either the group of blue pixels (temperature minimum of -2.879C) or 

the group of red pixels (temperature maximum of 21.816C) in the center image, the thermal 

map.  The yellow pixels also relate to the bright white areas in the left image, the 432-

RGB. 

 

The cold and hot areas are both of the same type, bright urban class, yet they have 

different temperature regimes.  The cold pixels could be low buildings, or buildings that 

have no use at night or storehouses with metal walls and roofxv.  Another possibility is a 

refrigerated Super Stop & Shop warehousexvi.  Dense vegetation, water, and other 

development surround the cold pixels.  Vegetation and water can have a moderating effect 

on temperature.   

 

Conversely, the hot pixels could be tall buildings.  The roofing material could be 

transparent asbestos that absorbs heatxvii.  The matrix that surrounds the hot pixels is 

comprised of significantly less vegetation and larger sources of anthropogenic heat (urban 

and peri-urban cover types).  
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Fig. 7.  Cold versus hot urban. 
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2.  The Transect (see Figure 8) 

 
The transect represents a continuum between urban and vegetated areas.  It is a mosaic of 

all seven cover types.   

 

The distorted energy balance is very visible as you move from right to left in the center 

image. Heat values decrease as one moves out from the UHI.  The highest temperatures are 

represented in the red core of pixels, with a few dark blue pixels that correspond to the 

bright urban class.  The lowest value for this thermal image is 3C which corresponds to the 

lowest temperature value for the vegetation class.   

 

In general, vegetation reduces heat stress.  The peri-urban pixels closer to vegetation are 

cooler then the peri-urban pixels that are surrounded by other peri-urban and urban pixels. 

 

Urban heat island is defined as the difference between the maximum urban temperature 

(~23C) and the minimum rural temperature (~3C).  In this example, the difference is about 

20C.   

 

Again, the ETM+ image was taken in the late morning.  In winter, it is possible that rural, 

more vegetated areas will have quite cold temperatures at night and in the hours before 

noon.  In contrast, populated areas will be artificially hot due to the heating load of 

buildings.  The 20C difference is perhaps not absolute (errors include a standard error 

associated with the ETM+ satellite, error in the calculation, and the fact that the 

temperature calculations are at-satellite values and not true surface values).  However, 

the relative meaning remains unchanged.  Surface temperatures in non-rural areas are 
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significantly higher than in comparable (in terms of geography) rural areas.  Surface 

temperatures can often be 50-70 degrees F warmer than air temperaturexviii.     

 
There is a noticeable distinction between the different cover types within the city 

boundaries.  The urban class has the high temperature values, the peri-urban has 

intermediate values, and the high NDVI and vegetation classes have the lowest values.  

However, there is variance within this scene.  Some of the peri-urban pixels have 

temperatures as high as the urban pixels.  Some of the urban pixels have temperature values 

as low as the vegetation pixels.  (This could also be a result of misclassification of entire 

pixels or a persistent problem with classifying urban areas, which is the separation of 

mixed pixels).     

 

Fig. 8.  The Transect. 
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3. Urban versus Rural (see Figure 9) 

 
The most noticeable feature about the 432-RGB and the corresponding thermal map is the 

divide between the urban and the rural (vegetation class).  This difference is not as strong in 

the classified image (bottom) due to the misclassification of pixels.   

 

Another feature is the mosaic nature of temperature within the urban portion of the thermal 

map.  This heterogeneity can be related to material composition, sub use and cover within the 

broader categories of urban and peri-urban, color (of roof and wall material), and 

anthropogenic activitiesxix. 

 

Cities with the greatest contrast in green vegetation between urban and rural environments 

have the greatest difference in minimum temperatures between the two environmentsxx.  The 

minimum temperature for vegetation is 3C and the minimum for peri-urban is 6C.  (The peri-

urban value is used because the urban value is distorted by the inclusion of some cold bright 

urban pixels that have a minimum value of 2.879C).  According to the Gallo et al. (1993) 

paper, this is a significant temperature contrast.  It would appear that the city of New Haven 

has a distinct urban heat island because of this fact.  The less vegetated urbanized areas do a 

less effective job of processing solar radiation and anthropogenic heat output.    
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Fig. 9.  Urban versus rural. 
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Conclusions & Recommendations 

 
The anthropogenic heat load due to urban morphology and human activities generates heat in 

the city.  Lack of greenspace (reduced vegetation) and compacted soils results in reduced 

evapotranspiration.  Evapotranspiration from the soil-vegetation complex can create spaces 

that are 2-8C cooler than their surrounding area.  The lowered evapotranspiration rate in 

urbanized areas leads to greater air-surface temperaturesxxi.  Solar radiation is absorbed by 

synthetic materials and held throughout the day, heating the surface and air temperatures.  At 

night, this accumulated heat is slowly releases preventing cooling of the urban space.   

 

Surface temperature calculation can be used as a coarse filter to identify broad land cover 

types. 

 

New Haven has intra-urban heat islands.  There are differences in temperature among uses 

within the city. 

 

Bright urban, urban, peri-urban, and high NDVI cover types exhibit the highest (mean) 

temperature values.  Water, wetland, and vegetation exhibit the lowest (mean) temperature 

values.  Peri-urban has the intermediate high temperature value presumably because of its 

association with vegetation.  However, this is not an encouragement for suburban 

development.  The difference in temperature values between urban and peri-urban is not 

significant enough to advocate suburban growth.  Rather, it points to the need for preserving 

vegetative cover, planting vegetative, and modifying the pre-existing urban landscape, in 

ways that will be discussed in a later point.  

 

The resolution of the Landsat ETM+ data is too low to capture all land cover types and the 

complexity of their thermal signatures. 
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Parks and open spaces in the city center have a cold thermal signature throughout the course 

of the dayxxii.  This information is significant because it shows the importance of greenspace 

in modifying the urban climate.  

 
Other modifications that can be made to the urban landscape to reduce the urban heat island 

effect include increasing the albedo of roof and pavement materialsxxiii. 

 

The spatial layout of the landscape determines heat island.  Also, building materials and 

design, and the presence of vegetation also affect the intensity of temperature within our 

landscape.  The message for urban planners is to design our landscape (the mosaic that is the 

city: from densely urban to rural) with anthropogenic heating, albedo, latent flux, and 

conductivity in mind.     
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